Abstract In the context of changing farming practices, particularly with increasing use of chemical fertilizers, the present paper attempts to statistically model the implications of such input intensification for growth of agricultural production and yield and crop diversification in Hooghly district of the Indian state of West Bengal. Understanding the issue is very important for sustainable growth of the sector in the long-run. The paper uses secondary data collected from the Bureau of Applied Economics and Statistics of the Government of West Bengal for the period 1989-2010. The paper shows that greater use of chemical fertilizers has no strong correlation with growth of agricultural production and yield. It is also found that agricultural production has fluctuated during this period possibly due to improper use of N-P-K over the years exceeding the assimilative capacity of soil. Further, excessive use of chemical fertilizers has also resulted in over extraction of ground water in the area. It is, therefore, suggested that efforts should be made towards deeper understanding of inherent potentials as well as limitations of soil and designing the farming strategies accordingly. In addition, formation of farming groups and promotion of organic farming should be explored to facilitate sustainable growth of the sector. Decentralized participatory planning can play a crucial role in this regard.
Introduction
Sustainable development of a society in general and its economy in particular is contingent upon judicious use of its natural resources (Flint 2013; Muthoo 1990) . One of the greatest challenges in contemporary development initiatives is to maintain ecological balance for the present as well as the future generation (Ospina 2000; United Nations Sustainable Development 2012) . This is so because the decisions on development strategies often favour achieving economic goals with less importance to the environment (Brundtland 1987; Strange and Bayley 2008) . Causing anthropogenic and ecological damage, including injudicious use of natural resources, and lack of their proper management are evident during the course of development in many of the countries. More specifically, over exploitation of natural resources is a common practice in contemporary development initiatives (Diamond 1999) . Hence, the approaches to development need to be interdisciplinary and holistic (Donaldson et al. 2005) , particularly considering that environmental aspects cannot be seen in isolation of the socio-economic conditions (O'Brien et al. 2009 ).
The problem is more critical in India as the country supports approximately 16 percent of world's total human population with nearly 2.5 percent of the total geographical area (UNEP 2001) causing considerable pressure on natural resources. Steady population growth coupled with widespread incidence of poverty and inappropriate policies and management of natural resources is expected to result in excessive pressure on the country's stock of natural resources. Such pressure is estimated to be the maximum in the world by 2020 (World Bank 2008) . Increasing emphasis on input intensive agricultural practices with high yielding variety seeds appear to be a critical problem in this regard as these seeds require large-scale use of chemical fertilizers and water 1 . Constraints to bringing in more area under cultivation and deficiency of various macro and micro nutrients in soils have forced Indian farmers to use more chemical fertilizers to increase yield (Planning Commission of India 2011). This a matter of serious concern as sustained growth agricultural production and yield requires use of essential plant nutrients in right quantity, in appropriate proportion and at right time following the right methods (Jaga and Patel 2012) .
Although the 'Green Revolution' technologies had considerable positive impact initially, excessive use of chemical fertilizer in the states like Punjab and Haryana has caused destruction of useful microorganisms, insects and worms in soil. This has not only disturbed soil texture and its physicochemical properties, but also caused serious damage to the sector in respect of both quantity and quality of production. For example, growth of agriculture sector in Punjab has stagnated since the 1990s (Kumar and Singh 2010) largely due to improper combination of various inputs like chemical fertilizers. There was huge demand for foods in one hand and the farmers' aspiration for high profit on the other. As a result, the farmers used unlimited ground water as well as excessive chemical fertilizers and pesticides to increase production and yield. Positive effects of chemical fertilizers on production and yield motivated the farmers further towards greater use of these inputs. The consequence of such excessive use of chemicals beyond the limit of consumption of the plants has been absorption of the same by the soil causing secondary effects to the soil itself and the plants. As it is recognized in the literature, the harmful effects of excessive application of chemical fertilizers are likely to be the following:
1. Waterways and nearby water bodies can be adversely affected by use of excessive chemical fertilizers from chemical run off through rain water. As a result, the amount of oxygen is reduced in the water leading to hypertrophication to the aquatic system. The living organisms existing in the water use up the oxygen. Such depletion of oxygen can cause death of majority of aquatic organisms including fish (Harrison et al. 2002) . 2. Carbon dioxide and nitrous oxide, greenhouse gases, can be released in the atmosphere by over and repetitive application of nitrogenous fertilizer beyond the crop's assimilation capacity contributing to global warming and erratic climatic conditions (Doll and Baranski 2011). 3. Acidification of soil can take place due to decrease of organic matter in the soil by excessive use of chemical fertilizers causing threats to survival of plants (Velthof et al. 2011 ).
Application of chemical fertilizers in imbalanced ratio
consumes the indispensable part of the nutrients in soil reducing the amount of minerals and vitamins in the food items (Das et al. 2009 ).
During the last 50 years, there has been two remarkable landmarks relating to paradigm shift in agriculture sector in West Bengal-(1) successful implementation of the land reforms programmes, and (2) a very high growth rate of the population. Potentials of land reforms towards promoting growth of the agriculture sector and simultaneous reduction of poverty has been observed in many developing countries. Since large farms are less productive and productivity is low in tenant farms (Bardhan and Mookherjee 2007) , it was expected that redistribution of land would increase production in the sector. Considerable increase in agricultural yields has been marked through protection of sharecroppers against their eviction and regulation of sharecropping contracts in West Bengal in the late 1970s (Banerjee et al. 2002) . However, growing population in the state created additional demand for foods and hence excessive pressure on land, especially in the central alluvium plain of Bengal delta. Thus, high population growth and implementation of land reform, were two facts that were the basic drivers of paradigm shift (i.e., from traditional to intensive input based farming practices) in agriculture sector of West Bengal (Fig. 1) .
Modern agricultural practices came into West Bengal in the late 1970s. While only 26 per cent of the total agricultural area of the state used high yielding varieties (HYV) technology in 1977-78, this increased to nearly 90 per cent in 1998-99 (Kar 2011 ). There was a rapid acceleration in agricultural growth that resulted in food security in the state (Boyce 1987; Saha and Swaminathan 1994) . However, intensive farming practices, particularly with rice and wheat in west Bengal, have virtually mined nutrients from the soil resulting in deficiencies in zinc, boron, manganese, and copper. Most of these areas have not been applying organic manures with the spread of green revolution technology. To cater for the gradual increase in food demand more and more intensive 1 Use of chemical fertilizers for increasing agricultural production is a common practice, particularly in developing countries. In Asia, chemical fertilizers contribute as much as 50 percent growth of yield (Hopper 1993; FAO 1998) . Further, use of chemical fertilizers was considered as important as that seeds in the Green Revolution (Tomich et al. 1995). agriculture often leads to exceeding the land's natural capabilities (Sarkar and Chakrabarti 2007) . Extraction of ground water more than its rate of recharge in a year (Moench 2003) , rampant and unwise use of chemical fertilizers within a short time period exceeding the soil assimilative capacity are examples of exerting pressure beyond capabilities of the natural resources. Short term development goals are pursued at the expense of long term environmental sustainability that reinforces the hypothesis that high population growth rates can lead to increased pressure on the environment.
In this perspective, the present study is an attempt to investigate impact of chemical fertilizers on growth of agricultural production and yield and its implications for crop diversification through statistical modelling in Hooghly district of the Indian state of West Bengal during 1989-2010. The Hooghly district, being a river deposited plain land, is one of the regions of intense agricultural practice in West Bengal. The entire district comes under Bengal delta of the state. It is the largest fluvio-deltaic sedimentary system in Earth (Mukherjee et al. 2009 ). The Central Alluvial Plain regions (covering the districts of Murshidabad, Nadia, Bardhaman, Hooghly, Howrah and Medinipur) of the state is well-known for its intensive agricultural practice. The AgroClimatic Regional Planning Unit has identified this zone as having the most potential of growth in the State. However, fluctuation in groundwater level, and deterioration in soil quality in major part of the region have been the subject of serious attention. Efforts towards understanding impact of chemical fertilizers on agricultural production and its implications for crop diversification in Hooghly district can provide useful insights in designing policies for sustainable growth in the agriculture sector. Go towards a high agricultural productive path.
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Agricultural paradigm shift in West Bengal total area of 3149 km 2 , which is about 3.55 per cent of total geographical area of the State. The district has 18 community development (CD) blocks (Fig. 2) with the headquarter being located in Chinsurah. It is surrounded by the district of Bankura and Burdwan in the north, Nadia and 24-Parganas in the east, Howrah in the south, and Paschim Medinipur in the west. The district is mostly bounded by its principal rivers such as the Bhagirathi (also known as Hooghly), the Damodar and the Rupnarayan. The river Hooghly flows along the eastern boundary of the district, whereas the Rupnarayan flows from Bankura district under the name of the Dhalkisor or Dwarakeswar.
The district forms a part of the flat plains of the lower Gangetic delta and there is a remarkable topographical homogeneity. It is broadly divided into two main natural divisions, the plains and the uplands, and the river Dwarakeswar forming the dividing line between the two. The flat alluvial plains may again be sub-divided into three regions, namely (1) the Dwarkeswar-Damodar interriverine plain, (2) the Damodar-Bhagirathi interriverine plain and (3) the Char lands (HDRCC 2011). The district is well watered by its principal rivers as well as by the smaller streams like the Behula, the Kananadi, the Saraswati, and the Mundeswari among others. The climate of the district is hot moist sub-humid with mean annual rainfall of 1350 mm. The soil moisture and temperature regimes in the district are Ustic and Hyperthermic respectively (Sarkar et al. 2001) . Major portion (58.5 percent) of the district is under very gently sloping (1-3 percent) lands and remaining 41.5 percent is under nearly level (0-1 percent) lands. Flooding is one of the major problems of the district. Nearly 30.7 percent area of the district is affected by the occasional floods, while 69.3 percent of the area is affected by moderate to severe flooding (Sarkar et al. 2001) . The soils of the district are dominantly loam in texture (53.9 percent) followed by silty clay (23.3 percent), silty clay loam (22.1 percent) and sandy loam (0.71 percent) (Fig. 3) . Agriculture is the mainstay of the people of the district with rice being the prime crop. The agricultural economy of the district is largely dependent on potato, jute, vegetables and horticultural crops as well.
Data and methodology
The study is based on secondary data collected from District Statistical Handbook of Hooghly District (1990 District ( -2010 published by the Bureau of applied Economics and Statistics, Government of West Bengal. Data on the variables like net cropped area (NCA), gross cropped area (GCA), consumption of fertilizers, production across crops, annual growth rate of fertiliser consumption (kg ha -1 ) and yield (kg ha -1 ), The nitrogen-phosphorous-potassium composition (N-P-K ratio) of applied chemical fertiliser are sourced from this database.
To address the research objective statistical techniques particularly Pearson's product moment correlation coefficient (R), regression analysis and Coefficient of Determination (R 2 ) were applied to analyse the statistical data. Pearson's correlation coefficient was used to examine the level of correspondence between bivariate variables, whereas regression and coefficient of determination were deployed to investigate the level of dependency of response variable, i.e., agricultural production over predictor Fig. 2 The study area variables like chemical fertiliser consumption and area under agricultural production. In case of statistical regression, polynomial regression was found to be fitting better than linear one. In addition, standard deviation is also computed to examine the temporal variability in yield of various crops.
Crop diversification indicates the extent of dispersion in distribution of cropped area across different crops at a given point of time and space. In order to measure extent of crop diversification in Hooghly district, the Barry's Index (DI B ) based on Berry (1971) was computed (Eq. 1).
where, Pi stands for proportion of area under the ith crop at time point. DI B is expected to increase with increase in the extent of diversification and vice versa.
Results and discussions
The study finds that the composition of nitrogen, phosphorous and potassium (i.e., N-P-K ratio) did not follow the optimum consumption ratio of 4.0: 2.0: 1.0 in the area during 1989-2007 2 (Table 1) . Instead, a high proportion of nitrogen, phosphorous and potassium has been used in the area over a long period of time. In addition, balanced nutrient supply should also include appropriate timing for use of chemical fertilizers for a particular crop under specific soil and climatic conditions along with application of right methods of cultivation (Dev 1998 ). This requires efficient use of different nutrients, maintenance of soil productivity and conservation of precious natural resources. However, due to non-availability of soil and crop specific data, the present paper focuses on aggregate volume of chemical fertilizers used for the agriculture sector as a whole. The average nitrogen-phosphorous-potassium ratio in the area during 1989-2007 was 5.4: 2.7: 1.8 (Table 1) . Further, share of nitrogen has recorded the largest deviation (1.4) followed by potassium (0.8) and phosphorous (0.7). On the other hand, the trends in use of phosphorous and potassium show largely a steady path with deep fluctuations in recent years, whereas consumption of nitrogen depicts a declining trend (Fig. 5a ). Although fertilizers should be applied according to the nutrient status of the soil, such a practice has not been followed by the farmers in the area 2 (Fig. 4) . This also reflects lack of awareness among farmers about use of appropriate technologies for enhancing crop production.
Furthermore, soil productivity depends on the structure and mineral composition of the soil, depth and drainage facilities, organic matters, intensity of earthworm, and microbial activities. Fairly productive soils in combination with assured irrigation and optimum supply of nutrients can enhance the crop yields by 200-300 percent (Hegde 2000) . Since there is a strong relationship between agricultural production and soil productivity, improper N-P-K ratio may cause adverse consequences on soil ecology and productivity and nutrients availability in the long-run. It is observed that injudicious use of chemical fertilisers has made fertile lands barren in many areas. For example, soil in Punjab and Haryana has started showing the signs of exhaustiveness (Maredia and Pingali 2001) . Thus, application of fertilisers with improper composition of N-P-K over the years in the study area has resulted in considerable fluctuations in agricultural production, and the issue requires serious attention in future research to facilitate sustainable growth of the sector (Fig. 5b) .
In order to investigate the nature of relationship between fertiliser used in agriculture and agricultural production, the standardised values of the variables were used. The scenario of total fertiliser consumption was subdivided into three sequential stages: lower steady stage (before 1998), moderate steady stage (between 1999 and 2004 ) and higher steady stage (post 2004) (Fig. 6a) . The value of Pearson's correlation coefficient (R) between fertiliser consumption and agricultural production is 0.091 which was not statistically significant 3 implying that there was no significant association between the two variables. The regression analysis suggests for 3rd degree polynomial curve (Fig. 6b) with the coefficient of determination (R 2 ) of 0.2251. Such low value of R 2 indicates that variations in agricultural production do not depend the magnitude of fertiliser consumption.
The association between annual rate of growth of fertiliser (kg ha -1 ) consumption and yield (kg ha
) for the sector as a whole is shown in Fig. 7a . It is seen that the annual rate of growth of fertiliser consumption has followed a stable path, but that of yield has fluctuated. Possibly, focus of the farmers on enhancing total production rather than yield with poor farm management practices has caused such phenomenon. Further, stable growth of agricultural production and yield depends not only on fertiliser consumption, but also ideal combination of good soil health, proper irrigation, favourable climatic conditions, ) for the period under consideration was 0.62, it is not statistically significant. 4 This means that there is no significant association between fertiliser consumption and agricultural yield. Further, the coefficient of determination of the third degree polynomial function is as low as 0.0728. This means that the function fails to explain variations in growth of agricultural yield in terms of growth of consumption of chemical fertilisers (Fig. 7b) . Table 2 shows the yield variability of the major crops in the study area. The whole study time period was divided into two phases, where the first phase was considered between 1989 and 2000 and the second phase from 2001 to 2009. The variability (standard deviation or SD) in potato yield increased from 2963.45 kg ha -1 in the first phase to 5936.6 kg ha -1 in the second phase, nearly 100 percent increase. During the same time period, oil seed yield variability also grew from 115.16 to 180.22 kg ha -1 (about 57 % increase). However, the yield variability in rice yield showed a decline of 24 % from 180.92 kg ha -1 in the first phase to 136.9 kg ha -1 in the second phase. Increasing variability in yield for many of the crops has raised risks of farming and forced the farmers towards intensification of agricultural practices by raising gross area under cultivation through multiple cropping and greater use of fertilizers and other inputs.
It is important to note that the net area under cultivation Hooghly district has decreased from 221.25 thousand hectares (70.26 percent of total geographic area of the district) in 1988-89 to 214.64 (68.16 percent) in 2008-09 though with some fluctuations (a declining trend) (Fig. 8a) . However, with intensification of agriculture, the gross cropped area (GCA) has increased from 376,000 hectares to 471,000 hectares during the same period. Furthermore, the area under boro paddy, potato and oilseeds together increased from 37.69 percent of gross cropped area in 1989-90 to 52.39 percent in 2009-10. Such increase in gross cropped area despite decline in net area under cultivation has created extra pressure on land and which has adversely affected the sector. Table 3 shows that the area under boro paddy, potato and oil seeds increased by 111 percent, 45 percent, and 71 percent respectively during 1989-90 to 2009-10 as these crops had adequate demand in the market. It is possible because of high market demand for these crops the farmers might have been motivated to cultivate them increasing the gross cropped area in the district. This effect was also shown in the crop diversification index (CDI) where the value of C.D.I of Berry (Table 4) increased from 0.69 (1989-90) to 0.74 (2009-10) . Since these crops require more chemical fertilizers compared to other crops, consumption of these fertilizers has increased considerably in the district. This is reflected in strong correlation between gross cropped area (GCA) and use of chemical fertiliser consumption. The correlation coefficient is found to be as high as 0.809, which was significant at the 0.01 percent. On contrary, the correlation coefficient between annual production and gross cropped area was only 0.367 and that between production and fertiliser consumption was as low as 0.091. This means that increase in gross copped area requires greater use of chemical fertilizers, but such increase in gross cropped area or chemical fertilizers does ) in Hooghly district not necessarily result in higher agricultural production. Instead, production shows fluctuations (Fig. 8b) .
Conclusions
With changing farming technologies, farmers are increasingly following input intensive agricultural practices. However, greater use of modern inputs like chemical fertilizers does not necessarily result in sustainable growth of agriculture sector, particularly in respect of production and yield. Empirical evidences from Hooghly district of the Indian state of West Bengal show that greater use of chemical fertilizers, has failed to enhance agricultural production and yield. It is also found that agricultural production has fluctuated in the area possibly due to use of N-P-K in inappropriate composition and application of these chemical fertilizers beyond the assimilative capacity of soil. Improper use of chemical fertilisers seems to have caused environmental degradation and erosion of soil fertility as well. Greater crop diversification in the district has also enhanced use of more chemical fertilizers further.
Hence, appropriate measures are necessary to make growth of agriculture in the district sustainable in the longrun. In addition to designing appropriate policies and institutions towards judicious use of chemical fertilizers and extraction of ground water, there is also a need for collective approach, particularly towards organic farming. ) and agricultural yield (kg ha -1 ) in Hooghly district Integration of markets, policies and institutions and removal of imperfections existing in farming practices can play crucial role in this regard. More specifically, while the policies should be guided towards removing imperfections and creating new opportunities, the institutions should play the role of catalysts to link farming households to both input and output markets. Use of inputs of right quantity and right quality in right time will ensure decline in crop losses and improvement in quality of produces. Interventions of various government agencies are also crucial in this regard. For example, the department of agriculture can guide the farmers in identifying the right combination of crops to cultivate and the right combination of inputs (particularly, chemical fertilizers) to use and take Bold values indicate that the trend of the yield of potato and oilseeds was highly (significantly) fluctuating from its mean yield over time initiatives towards greater use of manures, etc. However, decentralized and participatory planning process is necessary for this purpose. 
